Summary. Intrauterine pressure was monitored in vivo in oestrogen-treated ovariectomized ewes before, during and after treatment with progesterone (50 mg s.c./day for 3 days). Progesterone reversibly reduced the frequency and amplitude of myometrial activity and abolished uterine reactivity to oxytocin (i.v.) and PGF-2\g=a\ (intrauterine infusion). The rate of rise of intrauterine pressure during active pressure cycles was significantly reduced. These results confirm that the action of progesterone on the ovine myometrium is comparable to the classic progesterone 'block'. The intrauterine infusion of PGF-2\g=a\ (10 \g=m\g/min), which elicited a marked mechanical response in the control animals, failed to stimulate the progesterone-'blocked' uterus, suggesting that the inhibition produced by progesterone is due to a direct action of the hormone on the uterine muscle and not to an indirect mechanism operating through endometrial prostaglandin output.
Introduction
There is confusion over the part played by progesterone in maintaining the myometrial quiescence which is characteristic of late pregnancy in the ewe (Hindson, Schofield, Turner & Wolff, 1965) . The well-documented fall in plasma progesterone titres which presages parturition (Bassett, Ox- borrow, Smith & Thorburn, 1969 ; Fylling, 1969 ;  Stabenfeldt, Drost & Franti, 1972 ;  Thorburn, Nicol, Bassett, Shutt & Cox, 1972; Thompson & Wagner, 1974; Rawlings & Ward, 1976) suggests that progesterone may 'block' myometrial activity in the ewe and that withdrawal of the 'block' is a prerequisite of parturition as demonstrated in the rabbit by Csapo (1956) . However, such a con¬ clusion is not justified at present since not only did Bengtsson & Schofield (1963) obtain equivocal results when attempting to prolong pregnancy in sheep with progesterone, but Liggins, Grieves, Kendall & Knox (1972) reported that in ewes treated with 100 mg progesterone daily, parturition commenced even though myometrial progesterone titres were comparable to those of animals up to 28 days before birth. Furthermore, Rawlings & Ward (1976) found no significant negative cor¬ relation between uterine activity and maternal plasma progesterone titres in late pregnant ewes, and it is known that the rate of decline of plasma progesterone varies greatly among individuals (Bassett et al., 1969; Fylling, 1969) . These uncertainties have lead to the suggestion (Liggins, 1973; Liggins, Fairclough, Grieves, Forster & Knox, 1977 ) that progesterone may not act directly upon the ovine myometrium but may modulate its activity indirectly by controlling endometrial pro¬ staglandin production.
Classically the progesterone 'block' is characterized by (1) a dose-dependent suppression of the amplitude of myometrial contractions, (2) reduction in the rate of rise of pressure during intrauterine pressure cycles and (3) loss of reactivity to oxytocic agents (Csapo, 1956; Schofield, 1957; Csapo & Takeda, 1965 (Porter, 1977 The 4 animals were subjected to three 13-day experimental regimens each, but at least 5 days were allowed to elapse between regimens repeated in the same animal.
The responsiveness of the myometrium to stimulants, before, during and after recovery from progesterone was tested by administration, during separate experimental regimens, of oxytocin (Syntocinon: Sandoz) or prostaglandin (PG) F-2a (pure substance, I.C.I. Ltd, Cheshire) while intrauterine pressure was being recorded during the Control, and at the end of the Treatment and Recovery periods. The oxytocin (500 mu) was injected intravenously. The PG was dissolved in alcohol and 0-9 % (w/v) NaCl aqueous solution (6:100 v/v) and infused directly into the uterine lumen via the infusion catheter, at the rate of 10 µg/min (600 µg PGF-2a/ml). Infusion of vehicle alone was carried out as a control.
Blood samples (7 ml) were removed from the jugular vein on Days 3,6 and 11-13 in 8 out of the 12 experimental regimens of the 4 ewes. These were promptly heparinized, refrigerated, and centri¬ fuged. The plasma was then removed and stored at -20°C before being analysed for progesterone content by radioimmunoassay. The assays were kindly carried out by Dr R. B. Heap at the A.R.C. Institute of Animal Physiology, Babraham, using method (A) set out in Heap, Gwyn, Laing & Walters (1973) .
Intrauterine pressure records were divided into 10-min sections and analysed for frequency and maximum amplitude of active pressure cycles. We arbitrarily defined an 'active pressure cycle' as any increase in pressure of 10 mmHg or more above the resting pressure which was followed by a fall in pressure of 10 mmHg or more. The results were subjected to a two-way, two-factor analysis of vari¬ ance (Armitage, 1971 (Text-fig. 4 ). Resting pressure was only slightly elevated (Text- fig. 3 ) and infusion of vehicle alone had no effect. 
Progesterone levels
Two of the 24 plasma samples yielded what appear to be extraordinarily high levels of progesterone (27-2 and 12-4 ng/ml), especially since they were taken during Control (pretreatment) periods. Accordingly, these, and their associated results from Day 6 (2-10 and 1-60 ng/ml) and Day 13 (0-48 and 0-42 ng/ml) have been disregarded although these were comparable with the other sets. The remaining six groups of progesterone measurements are shown in Table 2 .
Latency period, rate of rise ofpressure, and recovery The injection of 100 mg progesterone was followed in all 4 ewes by a steady decline in the amplitude and frequency of contractions until minimal levels (1-6 cycles/10 min and 14 mmHg respectively) were reached at 48 h and maintained for at least 36 h. Recordings at 8, 12, 20, 24, 34 and 42 h after injection all showed activity greater than at 48 h. Thus, in the ewe there is a latency of 48 h between 
Discussion
These results indicate that progesterone has a marked, reversible, inhibitory action upon myometrial activity in the oestrogen-treated, ovariectomized ewe and are consistent, therefore, with the earlier reports that progesterone reduces myometrial activity. The present study has revealed that the nature of the inhibition is very similar to that observed in the progesterone-treated rabbit, i.e. it is a 'classic' progesterone 'block' as first described by Csapo (1956) . During the onset of the progesterone 'block' in the ewe, the amplitude, and the rate of rise, of intrauterine pressure cycles declined steadily so that at the peak effect amplitude was often below the 10 mmHg minimum adopted as a criterion for a 'pressure cycle', and 'activity' consisted of a continuous series of very small subliminal (<10 mmHg) pressure cycles. In these respects the behaviour again closely resembles that of the progesterone-'blocked' rabbit uterus (Csapo & Takeda, 1965 ). Although we did not measure myometrial pro¬ gesterone levels, this response to progesterone in the ewe may be assumed to be physiological for the following reasons : (1) the levels of progesterone produced in the blood by the 3rd day of the treatment (2-47 ng/ml) are comparable to those reported at the peak of the luteal phase in intact ewes (Stabenfeldt, Holt & Ewing, 1969) ; (ii) the degree of inhibition of uterine activity is comparable to that ob¬ served during the luteal phase (Naaktgeboren et al., 1973; Lehrer & Schindler, 1974 ; S. J. Lye & D. G. Porter, unpublished data).
The comparison with the rabbit may be extended further because the progesterone-dominated ovine uterus is refractory to oxytocic agents. For example, 500 mu oxytocin, which normally evoked at least a doubling of the frequency of pressure cycles, elicited no response at all in the progesterone-'blocked' uterus. Even more striking was the total absence in the progesterone-treated ewe of a re¬ sponse to the intrauterine infusion of PGF-2a at a rate of 10 ug/min, which produced a 3-fold in¬ crease of frequency in the same animal before treatment.
It has been suggested (Liggins et al., 1977) that the activity of the ovine myometrium might simply reflect the prostaglandin secretory behaviour of the endometrium. Thus, if the supply of prosta¬ glandins from the endometrium to the myometrium was reduced, for example by the action of pro¬ gesterone, then myometrial activity would decline, whereas enhanced prostaglandin production by the endometrium would result in increased contractile activity of the myometrium. The present study provides no support for this hypothesis, because if progesterone acted on the endometrium alone, then intrauterine infusion of PGF-2a should elicit a response in the myometrium of the progesteronetreated ewe similar to that observed in the untreated animal. The fact that the response is blocked argues for a direct action of progesterone on the myometrium, although this might not be so if transfer of PGs from the lumen to the myometrium was impaired by progesterone. This possibility would seem remote because synthesis of PGs by the endometrium is enhanced by progesterone (Louis, Parry, Robinson, Thorburn & Challis, 1977) and Harrison, Heap & Poyser (1976) have shown that both uterine fluid and uterine vein blood contain substantial amounts of PGs (i.e. synthesis and re¬ lease are unimpaired) in ewes with high plasma progesterone levels. Furthermore, Roberts & McCracken (1976) (Soloff, Swartz, Morrison & Saffran, 1973) and recent evidence suggests that the pathway by which the muscle is stimulated by oxytocin does not involve PGs (Roberts & McCracken, 1976) . It is difficult, therefore, to believe that the action of oxytocin on the sheep uterus could be abolished by an inhibitory action of progesterone on PG production by the endometrium.
The latency between injection and peak effect is much longer in the ewe (48 h) than in the rabbit (8-12 h), as is the recovery period from peak effect (120 h in the ewe, 48 h in rabbit). The explanations for these long latencies are not known. It is unlikely that recovery was delayed by sustained plasma progesterone levels since 6 additional plasma samples taken from ewes on Days 8 or 9 of the experi¬ mental regimens revealed that the levels had already fallen to less than 20 % of the Day 6 value.
In the rabbit, progesterone impairs propagation of action potentials through the myometrium (Csapo & Takeda, 1965) so that coordination of contractile activity is impaired, resulting in a re¬ duction in both the amplitude of contraction and the rate of rise of muscle tension (i.e. intrauterine pressure). Both of these changes were noted in the present study. A further effect observed in the rabbit, an increase in frequency of contraction, attributed to the dissociation of the pacemaker units of the myometrium, was not observed but this may have been masked by our criteria for a contraction.
Thus, when the progesterone 'block' was established, the uterus exhibited a high frequency of 'subliminal' pressure cycles. These findings, together with those of Naaktg^oren et al. (1973) , support the view that progesterone impairs conductivity in the ovine myometrium.
It is possible that the gravid uterus might respond to progesterone quite differently from the nongravid uterus, but there is no evidence for this in other species. If parallels can be drawn between the ewe and the rabbit then the removal of the influence of progesterone on the uterine muscle must be a prerequisite for parturition. The fall in plasma progesterone levels which occurs before birth sug¬ gests that a removal of progesterone influence normally occurs, but there are data which raise doubts about the extent of this 'withdrawal'. First, the decline in plasma progesterone is more abrupt in the ewe than in the rabbit (compare data from Bassett et al, 1969, for the ewe, with those of Challis, Davies & Ryan, 1973 , for the rabbit) and, in view of the time required for recovery in the present experiments, may not be rapid enough to permit significant uterine activity and pharmacological reactivity to evolve. Also, the almost total absence of myometrial activity which persists until within 12 h of birth (Hindson, Schofield & Turner, 1968; Rawlings & Ward, 1976; unpublished data) suggests that either the progesterone 'block' is removed immediately before parturition, or that another myometrial inhibitor prevents the evolution of uterine activity during the withdrawal of the progesterone 'block', as has been shown in the rabbit (Porter, 1974) . In the rabbit plasma levels of progesterone have to be very low to permit uterine activity to develop (Challis, Porter & Ryan, 1974) .
It is difficult to reconcile these conclusions with the work of Rawlings & Ward (1976) , who found that although myometrial progesterone levels were lower than at Day 130 of pregnancy they did not decline significantly during the 8 days preceding birth, and with the report of Liggins et al. (1972) that parturition proceeded in ewes with high myometrial titres of progesterone. However, the present experiments suggest that these conflicting findings must be reconciled, and if neither is wrong it is possible that a mechanism operates in the ewe which reverses the progesterone 'block' in the presence of the hormone.
